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Sensitivity Analysis of a Raodomised Control T d  Fox. CI .I. 

helrgocld: Tbe rsodomised trial has loog been mxgnid a9 a paradngm for a s c s i q  
the efficacy of new mtaventiollp, bsause the investigator can h e  or eliminate many 
sources of error. As arch, clinical trials rarely include quantitative assessments of the 
extent that systematic error could affect their results. We examined the impact of 
different sources of bii on a ranQmised control trial of the e f f i y  of zinc as an 
adjuvant to malaria tbaapy in reducing time to total pardsite clearame. 

hfcthods: Using dam from a prwiwly published sndy, we identified two oouna of 
bias and used the sensitivity analysis technique developed by Lash and Fink to ffsegs tbc 
impad of each source of bias on the outcome 

R d t r :  Afta correcting for each sauce of bias and reincorporating Rodom am into 
our results, the point estimate of effect canparing tbosc wbo received placebo to tbosc 
wbo received da cbauged slightly (b 0.92 to 0.90) but the 95% intcn-al imread 
22% (changing from 0.73 - 1.16 in the conventional analysis w 0.65 - 1.26 in the 
sensitility analysis). 

Ccnelnl.iolls: Tbe findings of this sensitivity anal* x m e  as a icmiada thrc IJK 
ftqmtist confidence interval tmdcmtimatcs tbc to& arw, even in a randomised 
cootrol trial. Authors of randomiscd controlled trial inMstigaticms ought to coDduct a 
complete ascsment of the impact of potential  sou^ of bias in their studies. 
CONSORT guidelines for reporting trial results should be updated to encourage uuhon 
to assess the impact of mu-Rodom e m m  on their studies. 

Keywwdr: Sensitivity analysis; bias; Rodomised conholled mals, epidemiologic 
mabods 

Abslmct Word C w t :  244 



Sensitivity Analysis of a Rsodomiscd Cmml  Trial 

l%e randomid trial has bog been rccogoizcd as a pandigm for asscuing tbc 

efficacy of new intmentiom. particularly when studying small effects (I). Wbm 

ethically feasible and when a large mwgh study can be cotductat a raodomised trial is 

d l y  the recommended appmach for studying new in-tiom. This design is 

p r e f d  because the investigator can reduce or eliminate many of the vwrrr of amr to 

which obsewational studiea arc prone, such as selection bias, infommtim bias aud 

confounding bias (2). Accordingly, many LUIC~OK intapet convcotiml frrqucotisI95Si 

confidence intervals (CI) derived fmm rigorously daigoed raodomd trials as if tby 

rcfkaedtbctotalamrintbcstudy(3).Tbcysssumetbatbydesi~ryst~canahar 

bsm d u d  to m, allowing only for d m  m. As such, clinical trials rarely 

inch& quantitative arserrsments of tbc extent that s y s t d c  nrw could affect tbcir 

d t r .  Typical assessmeon of bias usually focus m wimk raodomidon W e d "  

(4). wimk the sample size was large mwgh to detect a diff-e (5). or wb&cr loss- 

to-follow up codd have explained the d t s  (69). 

Quantitative spritivity analysis is a meam for asessing tbc impact ofpoteotial 

biavs in studies (10;ll). While mahodg for corlducting seositivity analysis ham recently 

d v e d  attention by epi&miok@sts (12-14). practiul softarm to cortduct a ~ h  

analyses is not widely available. Using the sensitiviiy analysis technique developed by 

Lasb and Fink (12). we have aamincd the impact of d i fhmt  sarrce~ of bias on a 

wdornised cmml  trial of tbc e f f i a y  of doc supplemQlutioo a m djubrat to rmLri. 

therapy in reducmg time to totd parssite cl- (1 5). 
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Original data collecrion and analysis 

The metbods used to roUect data for this h*,raodomised, doubk-blind, placebo 

coomUed ma1 have been described in the repon of IIX conventional aoal>sis ( I  5). 

Briefly. children aged six lo 60 months with fevu ?37.5 C and a parasite cwnc of 

?2000 asexual forms of Plcumodi~~ falci~anuw'ul w m  rPIldomised to Rcdw d k  

zinc M placebo as an adjuvant to s m d a d  antimalarial tbcnpy. Tbe study urs a 

multicenter clinical trial ccmductcd in Ecuador, Ghana. Taozanio. Ugsod. and Zambia 

from Decanba 1998 through May 2000. Children who bd pneumonia at bsvliac arcrc 

achdcd from the shdy. The o r i d  study auoUed 1087 children. of uhom 542 aac 

randomised to receive an agcdependcnt daily dose of zinc and 545 children uar 

raodomiscd to placebo. Tbe conveotid analysis also aamincd the proportion of 

subjects who completely ckared the pafasite at 72 bouq which is tbc outcome chat aiU 

be investigated in this smgitivity analysis. 

To assess the impact of systematic aror we hypocbesi chat the origural uudy 

waq subject to two poteatial sources of systanatic amr. Below we hi eKh sounx 

ofbiamilr~~tfiedandirrcludcdinchedtivi~p.tylicm&orda~auc 

carecvd Figure 1 shows the steps we took to recoa~rmct the damset Tabk I sbows tbc 

number of subjects in the umveutional analysis stratilied by their trerttment gmup and 

outawe. 
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(FIGURE 1 HERE) 

(TABLE 1 HERE) 

We identified hvo sources of misclassification of the outcome. FinC some of the 

children in the sndy (IF46 in the zinc arm, n=43 in the placebo arm) did wt have a 

recorded outcome at 72 bows. In the initial analysis, all subjecti with w rccordad 

outcome were excluded from the analysis. Some of these subjects likely had a nvcmful 

outcome aod therefme would have been misclrr~sified rrp to their out- s t a w  The 

misclassifrcstim is equivalent to Wing casss. which. if d m .  is ex@ to have w 

impaa on relative mararrcs of e f f i ,  but is expected to reduce the pis ion  of the 

estimates (16). Comcting this bias would therefore be expsted IO wamw the CL 

To account for the potential impacl of the misclsrpificstion. we predided the 

probability of treatment success for each subject with no recorded oulmme. Beuurrc 

ueatment success is a function of haseline mvariates, we de~amimd the pmbsbfiity of 

success for each iodividual with no recorded o u t m w  by finmg a logmc ~grrssion 

modelforallthosesubj&m~hadarccordadoulmme.Tovrolrmfucbernodom 

am in the esima~ed coefficients, we added to cafh pndicd bem uwfficimt its 

staodard dcviatioo multtplied by a randomly selected scaoctad aoirml dc+iate. By 

repeating his process 2000 cimes we created a dismbutioo of pndicbw models We 

eouMtbeninplttheactual~covariatesforerhsubj&tarimm,neorded 

outcome inlo each model. This p- yielded 2000 predicted probabilities of cbe 
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outcome per subject wbo bad missing data We rben used this p d m e d  probability to 

assign an outcome to each pawn missing an outcome by carducdng a &moulli uial 

based oo a biimial distnbutioo with a pmbabiity equal to the @cted probabiliry fmo 

the logistic model. If the &mwlli mal pxdctcd ihc subject would have been a mabnad 

success they w m  rc-classiIied as to the outcome. 

We also identified a second source of outwme misclassificatioo. Despite m m t  

e v i k  casting dwbt oo the benefits of use of paraacamol in febrik c h i k  ( 17). 

many of the subjects rseived pamdanml for management of f w u  during the d y  

follow-up period (11=386 in the zinc arm, n = 360 in the placebo arm). Whik this am IKM 

a violation of the study protocol, shuiies have indicated that whik reducing the rmwnmt 

of time that a f e rn  takrs to rrsok, use of panacrmol may iDcrrase the h e  lo 

reduction of parasite count (18-21). Accadkgly. snm of ihc c b i k  w b  wrrc given 

p r a d t o l  and wbo did not clear P. folcbanm~ by 72 hours might ha%- Qoc so bad 

theyaottakcaparaacamol. Weusedthedabhm thosccbildrmarhodidawuse 

~ 0 1  to predic~ the probability hat IIIOSC who did use p~accurmol would haw 

cleared their parasite by 72 hours bad they not taken the p.raf*amol. We followed the 

same pocedure as above to aPsign urhctha each child wbo r e x k d  pamxmcwl arrr IO 

be raclassified For each child who rneived psnceramol we rcpcaDd the poccrs ZOO0 

times with a probability disbibutioo about the &es to dasmioe a rmge of pmiiacd 

probsbities. 

Becausepamdanmlusewapsimilarb*araothetwogroup%wcapcaedmi 

~ w o u l d h a v c L i a k i m p a a o n i h c w a r u r c o f e f f ~ p l b i C b ~ ~ ~ y c l a p c t o t h e  

null. Howeva, sioce ~bae w d  be greata variability m the predicted aaannq arc 
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hyporhesited that repredicting the outcomes for those with paraatamol use would 

increase the width of the intaval. 

Children whose illness was nor cause b,v mdario 

While all the children in the study bad a high coough pansite ~ u n t  md fevcr to 

mccc the sady definitioll of acute lmeomplicarcd falcipanun makria, some of the 

children in the study might have had asymptomatic malaria pansitcmia plus f a  

unrclatal to malaria Whik Ibis could not have becn known upon emollmmt. if these 

children did not have fern due to malaria, then ideally rbey shculd have becn acludsd 

from the study. We examined all children who went w to develop W H O d c M  

community-xquued ~~a (22) during the tim 72 bouts of follow-up ( ~ 1 1 5  in bw 

zinc arm, n=l13 in the placebo arm) to assess if they should have been ioeligiik for tbe 

sady. 

To assign which of tbesc children should not have born in the sbdy. we used 

estimat*rfromthe t itaanmaItheprobabi~ityof~~guithmaiaridmd ferntut 

also having i l k  unrclatcd to maIaria While tittk empirical d m  aistg we wac .Me 

to locate some estimates ( 18;23;24). For each subject who had a rsordsd diagnars of 

rspintoryilhwecbosetheprobabilityth.1thesubjectshculdnothvebccniobw 

study from a hiangular probability disbiition, with a minimum probability of 0.086. a 

maximum probability of 0.85 aad a mode of 0.44 (23). S e a t s  who wac .siigocd to be 

~tigibkfathesbdywactben&kbdBsaaearrusedbwraommrtcdd.prc 

from the Ian two slcps of rbe mxmmction. each subject had 2000 recod% md for a c h  
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record arc again drew raadomly from a hiangular probability disbiition with the same 

pammetas. This meam thal in me iraation a subject may have been removed from the 

d a m  whik in another iteration the subject may have remained. 

&causcrhisvrouidhavetheeffectofranoriogsub~homtheda~and 

becaw the numba of children who potentially wuld be woved from the damset am 

similar in each treatment gmup, we anticipated that this would haw m i d  effect on the 

mesure of effect. and would imxasc the width of the d d c D a  intmal. 

We chose to agsess the impact of all of the hiasu dcsnibcd above w wmpkte 

parasite cleacmx at 72 hours. Because arc w m t e d  each sounx of bias multipk times, 

we m w  had 2000 canpkte datasas. For each d a u ~ n  we calculated a nandaniized 

morbidity ratio (SMR) a d  the wcorrcspoodi standad anx. The distribution of tbcs 

2000 epthatcs of the SMR was tben used to oeate simulation intenals that acmmbd 

for the ~avce of bias. To acamt for random m, for each t u n m u a e d  dame& arc 

sampled with rcplxewnt (bootseapping (25)) the same number of subjects as was in h e  

origioal d.urs* (1087). For each of the 2000 boo~trsppod daurvts we cakuhd an SMR 

anditsestimatcdstaodardcrrortohKo~bothrandomandsjS&amr. 
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In the convent id  analysis, the Tim A g a h  Plasmodium Sludy Group (ZAP). 

childrm who had a reduction of 75% or more of lbci baselm pamite levels u 72 hours 

&a ~ m i s S t i o o ,  or (c) the pmportion of children urbo had tMal parasite chmccc u 

72 how after randomisation (15). 

Figurc 2 shows the concontiooal SMR (before pocouncing for the m o f b k )  

of total pansite cleara~ce u 72 how canparing &ox who received zinc to tboJc ovbo 

rrceived placebo (SMR=0.92: 95% CI 0.73 - 1.16). 

ARa rsonshucting the d a m  for all thrre wucu of bias and tbco 

reincorpoming the effests of random e m  through hdmapping, thac was a d shift 

in the point estimate, from SMR=0.92 to SMR4.90, but a subsuntill apmsion of the 

&dam interval about the point cstimnte (horn 95% CI of 0.92 - 1.16 to a 95% 

simulation intaval of0.65 - 1.26). Resdm of each ofthe mm-a ofthe sensitivity 

analysis can be seen in Table 2. After conccting f a  boh system& and nndan amr,  

the~dthofthe&darrccintavalrepresentsao~aimhofZZKova~ 

u m v c a t i d  analysis. 

(FIGURE 2 HERE) 

As wm anticipated, the effect of the sensitivity d y s k  was to iocrrsre the aidm 

of the simulation intuval, wiik having little e&* on the poior crtimuc. Much of this 

ionarse appears to come horn tbe effect of mnsting f a  p~ce tamol  use. u+&cb 

hnxeascd the interval 20% when conocted dm. 

(TABLE 2 HEXE) 
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Dbrmrdw 

Tbe results of this analysis give a more complete pmen18tion of thc resuls t b ~  

do the -Its from thc convmtiooal dysis. The kcread width of thc confidence 

invrval about the estimate of effed rcfkcw the fact that the sndy size was rcduad by 

ranoving subjects who may have been ineligible, which rrduced the number of events. 

From the seusitibity analysis results, we can see chat both the canstiom for 

misclassificatioo and the comction of ineligibk subject? w i d d  the bowtrap interval 

Tbe impact of wnccting for paraatam01 use also w i d e d  thc in& once we 

~a:ounted for r a h  m. 

When c o m c ~ g  for bMb sources of bias simultroawly. the t d  number of 

outawtevent?wasreducedandthacbyrcdudthepsisiooofthecstimuaofe~ 

The fact that the point estimate of the SMR did oot chaop much frcm~ the mventiooal 

analysis suggest? thst thc effects were urmprzble in the taro Wabmmt groups. masl 

likely beause randomisation balanced these a d  d h m a s  oo parasite cleanma. 

The findings of this sensitivity analysis serve as a re& that the hrqucotbt 

9S0/. confidence i n t d  underestimates thc total mw, even in a mdomised mtrd a. 

A u h  of randomised cootrolled trial investigations ought to m m k t  a complete 

ascwmnt of thc impact of pmt ia l  sounn of bim In this sensitivity analysis we f d  

that the wid& of thc simulatioo i n t d  derived in the sensitivity d y s k  wm .Lmoa 

25.A larga h the mvmtiooll frorlucotbt inIervaI. 

Tbe CONSORT statement on the q m h g  of clinical bi.ls smcs &aI muttbas 

should ioclude in &eii discusion section, "Inkqmlatioo of the rcsulU iota 

aaxunt snrdy hypomaCr, sources o f w t d  binr or inwrdsion and thc dmgerd 
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a ~ ~ ~ f i a t d  witb multiplicity of analyses and outcomes." (26) (italics om). Whema a ooc 

authors include all of the potential sowces of bias in raodomisd motmUed triak is a 

mma of spgulatioo; bowever, the CONSORT ~UIICIJICDI docs oot rouwomod tb.1 

a u h  quantify the sources of potential bias, even by making assumptiom ibart  tbe 

d i i t i o o  and magnitude of thes biaxs or through iococporating thc b i i  inlo heir 

estimaks of effect through some of thc methods described by G d a n d  (10). 

This sensitivity analysis demollstnrtu IIMI the usually relied upon frequentis 

mofidmce interval, even born a well designed rpndomiscd trial. eumot be assumed to 

include the total error of a study. Even w b a ~  a u h  give OULtQOcots about tbc possible 

dimtion and magnitude of possible b i i  in their dirusoion satioos. it is diffkult for 

cawmas of thc litcnblrr to estimate thc impact tb.1 multiple sowces of bias will hrr 

wbaI acting simult.neously. Studies that incorporate sensitivity adysis can i n h d c  the 

spxnat ic  m r  in their memires of eKcct and confidmce intenal and can reduce the 

burden on the r& without incmasing thc amount of space x ~ ~ ~ c s a i y  lo p s m t  msuk 
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Flgurc 2 - Scnsilivity Aallysir d a  Trill of Zinc 8s u Adjmnnt to M a h i s  Tber8py 
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-- .- - - . - - . . - . - -. 

c - e  0.92 0.92 0.92 1-00 
mawseDmdLnptor: 

Thmerrimrn-outcome 0.85 0.90 0.96 1-14 
~hmewhotoolr~aa~tamol 0.69 0.91 1-19 1 . n  
Thcsewithiltnessrnlcausedbymalaria 0.86 0.88 0.92 1.07 
All three sinubneoushl 0.70 0.90 1.18 1.69 

System& and Rsmlom E m '  

mdh x- 
~ S X  5- PI.% a 

C ~ r u l y . l r ~ m d a n w m ~ )  0.73 0.92 1.16 1.59 NA 
somdhptor: 

T h o s e w a h r n ~ w a O m a  0.71 0.90 1.16 1.64 3% 
Thmewhotoolr- 0.66 0.91 126 1.91 20% 
T h m e r r i m i ~ n o t c a u s e d b y ~  0.66 0.89 1.15 1.73 8% 

B O O - l n 9 ( m d o m n d ~ ~ )  0.65 0.90 1.26 1-95 22% 
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